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Diagnosis and Treatment of Viral Myocarditis
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Myocarditis, an inflammatory disease of heart muscle, is an im-
portant cause of dilated cardiomyopathy worldwide. Viral infec-
tion is also an important cause of myocarditis, and the spectrum
of viruses known to cause myocarditis has changed in the past 2
decades. Several new diagnostic methods, such as cardiac mag-
netic resonance imaging, are useful for diagnosing myocarditis.
Endomyocardial biopsy may be used for patients with acute di-
lated cardiomyopathy associated with hemodynamic compromise,
those with life-threatening arrhythmia, and those whose condition
does not respond to conventional supportive therapy. Important
prognostic variables include the degree of left and right ventricu-
lar dysfunction, heart block, and specific histopathological forms
of myocarditis. We review diagnostic and therapeutic strategies
for the treatment of viral myocarditis. English-language publica-
tions in PubMed and references from relevant articles published
between January 1, 1985, and August 5, 2008, were analyzed.
Main keywords searched were myocarditis, dilated cardiomyopa-
thy, endomyocardial biopsy, cardiac magnetic resonance imaging,
and immunotherapy.
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ACCF/AHA/ESC = American College of Cardiology Foundation/Ameri-
can Heart Association/European Society of Cardiology; CK-MB = cre-
atine kinase-MB isoenzyme; DCM = dilated cardiomyopathy; ECMO =
extracorporeal membrane oxygenation; EF = ejection fraction; LV = left
ventricular; LVEF = left ventricular ejection fraction; MRI = magnetic
resonance imaging; PCR = polymerase chain reaction

Myocarditis is an important and often unrecognized
cause of dilated cardiomyopathy (DCM). It is de-
fined as inflammation of the heart muscle that may be
identified by clinical or histopathologic criteria. Recent de-
velopments in the diagnosis and treatment of patients with
suspected myocarditis include improved histologic criteria
and use of cardiac magnetic resonance imaging (MRI). The
aim of this review is to provide a contemporary evidence-
based approach to evaluation and treatment of patients
with suspected myocarditis. Main keywords searched are
as follows: myocarditis, dilated cardiomyopathy, endomyo-
cardial biopsy, cardiac magnetic resonance imaging, and
immunotherapy. Articles were screened on the premise of
importance, quality, and relevance.

REPORT OF A CASE

A 19-year-old and otherwise healthy woman presented to
her primary care physician with a report of increasing dys-
pnea on exertion of 2 or 3 days’ duration. She had had an
upper respiratory tract infection 3 weeks previously. Chest
radiography showed mild cardiac enlargement, and subse-

quent transthoracic echocardiography revealed a small cir-
cumferential pericardial effusion. The patient was treated
with ibuprofen for presumed postviral pericarditis.

Two days later, the patient was found unconscious
in her shower. Electrocardiography revealed diffuse ST-
segment elevation throughout the precordial leads, with
1.0-mm PR-segment depression in leads I and II (Figure
1). She underwent immediate coronary catheterization,
which showed normal coronary arteries, and was subse-
quently transferred to a tertiary referral center for further
evaluation. On arrival, she was intubated and sedated, with
a heart rate of 125 beats/min and a blood pressure of 94/60
mm Hg.

Cardiopulmonary examination showed an S, gallop
with no audible murmur or rub. The patient’s jugular ve-
nous pressure was elevated at 8 cm H,O, and scattered
crackles were found on lung examination. Echocardiogra-
phy revealed a left ventricular ejection fraction (LVEF) of
15% to 20% with generalized hypokinesis and small peri-
cardial effusion (Figure 2). Laboratory findings included a
white blood cell count of 27.2 x 10°/L (reference ranges
shown parenthetically) (3.5-10.5 x 10°/L), a creatinine
kinase—-MB isoenzyme (CK-MB) fraction level of 22 ng/
mL (<6.2 ng/mL; to convert to ug/L, multiply by 1.0), and
a troponin T level of 0.9 ng/mL (<0.01 ng/mL; to convert
to pug/L, multiply by 1.0). Emergent right heart catheter-
ization with endomyocardial biopsy was performed. The
biopsy specimen showed active lymphocytic myocarditis
(Figures 3 and 4). Inotropic support was initiated with
dobutamine; gentle afterload reduction was initiated with
nitroglycerin.

The patient was weaned from hemodynamic support
and extubated; low doses of P-blocker and angiotensin-
converting enzyme inhibitor were initiated. At 6-week fol-
low-up, her LVEF had improved to 66%. Subsequently, en-
domyocardial tissue was analyzed with polymerase chain
reaction (PCR) and found to be positive for Epstein-Barr
virus.
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DIAGNOSIS AND TREATMENT OF MYOCARDITIS
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FIGURE 1. Electrocardiograms. Left, At hospital admission, sinus tachycardia at 130 beats/min, with diffuse ST-segment elevation
and 1.0 mm of PR-segment depression in leads | and Il. Right, Two days after admission, normal sinus rhythm at 85 beats/min and
resolution of ST-segment abnormalities.
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FIGURE 2. Echocardiograms. At hospital admission, parasternal long-axis view showing ventricular diastole (upper left) and sys-
tole (upper right) with an estimated ejection fraction of 20% and a small pericardial effusion (arrow). Two months after admission,
parasternal long-axis view showing ventricular diastole (bottom left) and systole (bottom right) with an estimated ejection fraction
of 55%. Ao = aorta; LA = left atrium; LV = left ventricle; RV = right ventricle.
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FIGURE 3. Coronary angiograms of left and right coronary arteries. A and B, Normal left main coronary artery, left anterior descending artery,
and left circumflex artery and their respective branches. C, Normal right coronary artery and its respective branches. D, Hemodynamic tracings
of aortic (Ao) pressure and right ventricular (RV) pressure, showing right-sided systolic pressures to be one-half of systemic pressures; Ao
pressure, pulmonary artery occlusive pressure (PAOP), and right atrial (RA) pressure, showing severely elevated left-sided pressures (mean, 30
mm Hg) and moderately elevated right-sided filling pressures (mean right atrial pressure, 15 mm Hg). Pulmonary arteriolar resistance ([mean
pulmonary artery pressure — pulmonary artery occlusive pressure]/cardiac output) was normal at 1.47 Wood unit, suggesting that the elevated
right-sided systolic pressures were secondary to left ventricular dysfunction and not intrinsic pulmonary disease. Cardiac output calculated
with the Fick formula (cardiac output = stroke volume X heart rate) was normal at 5.2 L/min due to a heart rate of 135 beats/min; however,
stroke volume was severely decreased at 39 mL.

FIGURE 4. Endomyocardial biopsy specimens. Left, Low-power view showing diffuse lymphocytic infiltration of myocardium (arrow).
Right, High-power view showing lymphocytic infiltration with myocyte destruction and surrounding myocardial edema (circle).
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DIAGNOSIS AND TREATMENT OF MYOCARDITIS

TABLE. Causes of Myocarditis

Viral agents and disorders Rickettsial diseases

Adenovirus
Arbovirus
Coxsackievirus B
Cytomegalovirus
Dengue virus
Echovirus
Epstein-Barr virus
Hepatitis C
Herpesvirus
Human immunodeficiency virus
Influenza virus
Mumps
Parvovirus B19
Poliomyelitis
Rabies

Rubella

Rubeola

Varicella

Variola

Yellow fever

Bacterial agents and disorders

Brucella
Chlamydia
Cholera
Clostridia
Diphtheria
Hemophilus
Legionella
Meningococcus
Mycoplasma
Neisseria gonorrhoeae
Psittacosis
Salmonella
Staphylococcus
Streptococcus
Tetanus
Tuberculosis
Tularemia

Spirochetal disorders

Leptospirosis
Lyme disease
Relapsing fever
Syphilis

Mycotic agents and disorders

Actinomyces
Aspergillus
Blastomyces
Candida
Coccidioidomycosis
Cryptococcosis
Histoplasma
Mucormycosis
Nocardia
Sporotrichosis

Q fever

Rocky Mountain spotted
fever

Typhus

Protozoal diseases

African sleeping sickness
Amebiasis

Chagas disease
Leishmaniasis

Malaria

Toxoplasmosis

Helminthic agents and
diseases

Ascariasis
Echinococcosis
Filariasis
Paragonimiasis
Schistosomiasis
Strongyloides
Trichinosis

Cardiotoxins

Alcohol
Anthracyclines
Arsenic

Carbon monoxide
Catecholamines
Cocaine

Heavy metals

Causes of hypersensitivity
reactions

Antibiotics
Clozapine
Diuretics
Insect bites
Lithium

Snake bites
Tetanus toxoid
Mesalamine

Systemic disorders

Celiac disease

Connective tissue disorders

Hypereosinophilia
Kawasaki disease
Sarcoidosis
Thyrotoxicosis

Wegener granulomatosis

CAUSE AND PATHOPHYSIOLOGY

The pathogenesis of myocarditis has been studied previ-
ously in animal models. Viruses enter cardiac myocytes
and macrophages through specific receptors, inciting
a cytotoxic effect."” The exact incidence of myocardi-
tis is difficult to ascertain. However, one study suggests

that myocarditis is the cause of sudden cardiac death in
8.6% of cases and is identified in up to 9% of routine
postmortem examinations.> Most studies of myocarditis
report a slight male predominance.** Although the cause
in individual cases of myocarditis often is unidentified,
specific and treatable causes that should be investigated
include infections, systemic autoimmune diseases, and
hypersensitivity to certain medications® (Table). In ad-
dition, human immunodeficiency virus, Chagas disease,
and nutritional causes should be investigated in appropri-
ate clinical settings.

Seroepidemiological studies have linked enteroviruses
with myocarditis through the co-occurrence of increased
enterovirus titers and a clinical syndrome of acute heart
failure.” Rarely, viruses could be cultured from the heart
tissue of patients with fatal acute myocarditis. Since the de-
velopment of molecular techniques to examine endomyo-
cardial tissue, many other viruses and viral coinfections
have been recognized.?’

Because the ability to diagnose viral infection has im-
proved with the advent of these molecular biologic tech-
niques, case reports and series have associated DCM
with about 20 viruses. As the prevalence of enteroviruses
decreased, the prevalence of adenovirus increased after
1995.1% More recently, parvovirus B19 has been the most
commonly detected viral genome.*!! Although the patho-
genic role of enteroviruses in myocarditis and chronic
DCM is well established, whether parvovirus B19 is inci-
dental or pathogenic in acute myocarditis is still unclear.'
Hepatitis C virus has been associated with myocarditis in
Japan, and influenza virus, cytomegalovirus, and Epstein-
Barr virus have been identified in some patients with acute
and chronic myocarditis (Figure 5).

The clinical spectrum of viral cardiomyopathy can be
classified as fulminant, acute, or chronic. Viremia is fol-
lowed by cardiomyocyte infection. In the first phase, acute
infection of cardiac myocytes results in myocyte death
and activation of the innate immune response, including
interferon gamma, natural killer cells, and nitric oxide.'*!
Antigen-presenting cells phagocytize released viral par-
ticles and cardiac proteins and migrate out of the heart to
regional lymph nodes. Most patients recover, but a subset
has progression to a second phase, consisting of an adap-
tive immune response. In this response, antibodies to viral
proteins, and to some cardiac proteins (including cardiac
myosin and 3, or muscarinic receptors), are produced, and
effector T cells proliferate. In the third phase, the immune
response is down-regulated, and fibrosis replaces a cellular
infiltrate in the myocardium. Under neurohumoral stimula-
tion and hemodynamic stress, the ventricles dilate, lead-
ing to chronic cardiomyopathy. Additionally, in the third
phase, viral genome may persist in the heart or inflamma-
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tory mechanisms may persist and contribute to ventricular
dysfunction.®!?

CLINICAL PRESENTATION AND DIAGNOSIS

The clinical presentation of viral myocarditis varies from
nonspecific electrocardiographic abnormalities and mild
viral illness to acute hemodynamic compromise or sudden
cardiac death. However, most patients are asymptomatic. In
the European Study of Epidemiology and Treatment of Car-
diac Inflammatory Diseases, 72% of patients had dyspnea,
32% had chest pain, and 18% had arrhythmias.!® The condi-
tion of some patients with acute focal myocarditis mimics
a diagnosis of myocardial infarction, with acute onset of
chest pain, tachyarrhythmia, or sudden death.!”

Physical examination findings are variable but may pro-
vide insight into other underlying causes. The findings can
include tachycardia, laterally displaced point of maximal
impulse, soft S, sounds, S, or S, gallop, lymphadenopathy
(sarcoidosis), rash (hypersensitivity), polyarthritis, subcu-
taneous nodules, or erythema marginatum (acute rheumat-
ic fever). Levels of cardiac biomarkers, including CK-MB,
troponin I, and troponin T, are elevated in a minority of
cases (indicating myocardial damage). However, one study
found that only 35% of patients with suspected myocardi-
tis had elevated troponin levels, providing a sensitivity of
53%." The serum concentration of troponin I is increased
more frequently than that of CK-MB fractions in patients
with acute myocarditis.”® Electrocardiography may show
nonspecific ST-T wave changes, ST elevation mimicking
acute myocardial infarction, or various degrees of blockade
of the atrioventricular node. The presence of Q waves or
bundle branch block is associated with increased rates of
heart transplant or death.**

Echocardiography is an important component of the di-
agnostic work-up to establish left ventricular (LV) function
and to rule out other causes of heart failure, such as valvu-
lar, congenital, or amyloid heart disease. Classic findings
include global hypokinesis with or without pericardial effu-
sion. Echocardiographic features suggestive of myocarditis
are often nonspecific but can be helpful in identifying a ful-
minant course. Felker et al?*® developed echocardiographic
criteria to help differentiate between fulminant and acute
myocarditis. Patients with fulminant myocarditis had near-
normal LV diastolic dimensions; increased septal thickness
at presentation was thought to be secondary to acute myo-
cardial edema.? In addition, right ventricular systolic func-
tion was found to be an independent predictor of death or
myocardial transplant in patients with acute myocarditis.>!
Coronary angiography usually reveals normal coronary ar-
teries, although myocarditis may affect patients with coro-
nary artery disease.

DIAGNOSIS AND TREATMENT OF MYOCARDITIS
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FIGURE 5. Evolution of viral causes of myocarditis over time. CVA =
coxsackievirus A; CVB = coxsackievirus B; EBV = Epstein-Barr virus;
HCV = hepatitis C virus; HHV6 = human herpesvirus 6; PV-B19 =
parvovirus B19.

Recent advances in the diagnosis of myocarditis have
centered on the development of newer technologies to
more precisely identify cardiac inflammation. An article by
Skouri et al* reviewed noninvasive imaging studies for de-
tecting myocardial inflammation. The importance of non-
invasive cardiac imaging stems from the low sensitivity of
the Dallas criteria in diagnosing myocarditis histologically.
To diagnose myocarditis with 80% sensitivity, an estimated
17 endomyocardial biopsies are necessary, leading many
experts to believe there is a real need for practical nonin-
vasive imaging studies to aid in diagnosing and managing
acute DCM.%

Cardiac MRI may be useful for diagnosing myocardi-
tis associated with edema, hyperemia, or fibrosis sensitive
sequences.?* Friedrich et al® concluded that cardiovascular
MRI has promise in diagnosing myocarditis and showed
an evolution of contrast enhancement from focal to dis-
seminated disease during a 2-week period. Newer tech-
niques, including segmented inversion recovery gradient—
echocardiography pulse sequences, have improved contrast
enhancement of the myocardium and allowed visualization
of small myocardial injuries, increasing the sensitivity of
detecting active myocarditis.

In a study of 32 patients with suspected myocarditis,
Mabhrholdt et al*® found that contrast enhancement was pres-
ent in 88% of patients, and biopsy samples from the area of
enhancement showed active acute or chronic myocarditis in
90% of patients. The overall study findings concluded that
focal myocardial gadolinium enhancement, coupled with
regional wall motion abnormalities on echocardiography,
yielded a positive predictive value of 71% and a negative
predictive value of 100%. In a study by Yelgec et al*’ that
involved 20 patients with suspected myocarditis, 5 patients
underwent endomyocardial biopsy, the specimens of which
showed normal findings, and subsequent contrast-enhanced
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DIAGNOSIS AND TREATMENT OF MYOCARDITIS

cardiac MRI revealed evidence of active myocarditis. This
illustrates the potential of cardiac MRI to identify regions
of myocarditis and to increase the sensitivity of endomyo-
cardial biopsy.

Histologic examination of heart tissue is required to
confirm the diagnosis of myocarditis. However, the utility
of endomyocardial biopsy is limited because of sampling
error from patchy inflammatory infiltrates and variability in
observer interpretation.?® In a large case series, the sensitiv-
ity of endomyocardial biopsy was only 35% compared to
a clinical criterion standard that included recovery of myo-
cardial function.”” Immunostains for cell specific markers
such as T lymphocytes (CD3) or macrophages (CD68) or
human leukocyte antigens have a sensitivity of up to 50%,
which is much better than routine histologic techniques.*"!
A recent case series suggests that the presence of inflam-
mation as defined by immunoperoxidase stains may predict
the subsequent risk of death or heart transplant.'? The pres-
ence of viral genomes in heart tissue from patients with
acute myocarditis may predict adverse events. The absence
of viral genomes in patients with chronic myocarditis may
identify a subset of patients who will respond to a short
course of immunosuppression.’>3

The current recommendations from an American Col-
lege of Cardiology Foundation/American Heart Associa-
tion/European Society of Cardiology (ACCF/AHA/ESC)
scientific statement support a limited role for endomyocar-
dial biopsy in the evaluation of patients with cardiomyopa-
thy. The class I indications are limited to patients with new-
onset heart failure (<2 weeks) associated with a normal or
dilated left ventricle with hemodynamic compromise and
to patients with new-onset heart failure of 2 weeks to 3
months’ duration with a dilated left ventricle, ventricular
arrhythmia, or high degree atrioventricular blockade or to
patients whose condition fails to respond to treatment in 1
to 2 weeks.*

TREATMENT

The treatment of viral myocarditis varies by clinical pre-
sentation. Acute heart failure should be managed according
to the current guidelines of the ACCF/AHA/ESC and the
Heart Failure Society of America.*>*® Experimental mod-
els of murine myocarditis generally support the guideline-
based treatment recommendations that apply to forms of
noninflammatory DCM and that have been studied in clini-
cal trials. Hemodynamically stable patients with DCM and
symptomatic heart failure may benefit from angiotensin-
converting enzyme inhibition or angiotensin receptor block-
ade. In euvolemic patients with DCM, (-adrenergic block-
ade may improve LV function, heart failure symptoms, and
decrease inflammation. Patients who have persistent heart

failure symptoms despite optimal management with angio-
tensin and adrenergic pathway inhibition may benefit from
aldosterone antagonists, such as eplerenone or spironolac-
tone. Diuretics should be used to optimize intravascular vol-
ume. The use of anticoagulation is similar to that in patients
with nonischemic DCM, and anticoagulation is usually
indicated in the setting of concomitant atrial fibrillation or
arterial or venous thromboembolism. In patients with se-
vere myocarditis and symptomatic hypotension, parenteral
inotropes, including phosphodiesterase inhibitors (eg, milri-
none) or adrenergic agonists (eg, dobutamine or dopamine)
may be required.

Despite maximal oral and parenteral medical therapy,
patients with acute myocarditis may require mechanical
circulatory support. Data from case series suggest that ven-
tricular assist devices may provide a bridge to transplant or
to recovery in patients with acute myocarditis.***° Extracor-
poreal membrane oxygenation (ECMO) has also been used
as a short-term bridge to transplant or recovery, but usu-
ally in patients with sustained ventricular arrhythmias, in
whom support with ventricular assist devices would be less
effective. In a case series, Chen et al*' reported that 80%
of patients who received ECMO therapy were bridged to
recovery.

Because patients generally present days to weeks after
the initial viral infection, antiviral therapy has limited ap-
plicability in patients with acute viral myocarditis. Also,
the sensitivity of endomyocardial biopsy for the diagnosis
of viral genomes in the myocardium has not been report-
ed. Nonetheless, antiviral agents have been evaluated for
the treatment of acute myocarditis in animal models and
in a few small case series. Ribavarin and interferon alpha
improved survival in mice with acute myocarditis when
administered at the time of virus inoculation.**** Antivi-
ral therapy cannot be recommended for the treatment of
acute myocarditis at this time; however, the role of anti-
viral therapy for more chronic myocarditis associated
with persistent viral genomes is a matter of active clinical
investigation.

A large body of experimental evidence suggests that
acute and some chronic myocardial injury in myocarditis
is due to an immune response involving T lymphocytes and
autoreactive antibodies. However, data from the few ran-
domized clinical trials suggest that on average patients with
acute myocarditis do not benefit from immunosuppression.
For example, the US Myocarditis Treatment Trial, in which
111 patients with histologically confirmed myocarditis were
randomly assigned to placebo or to prednisone and either
azathioprine or cyclosporine, showed no benefit in either
transplant-free survival or change in LVEE.* However, the
duration of symptoms appears to be a major determinant of
response to immunotherapy. A recent meta-analysis of im-
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munosuppression and immunomodulation trials suggested
that a symptom duration of less than 6 months was associ-
ated with a lack of active treatment benefit, and yet trials
of DCM in which patients had symptoms for more than
6 months were generally positive. The difference in re-
sponse was due largely to spontaneous improvement in the
placebo arm participants who had symptoms for less than
6 months.* In a trial of immunosuppression in patients
with myocarditis and symptoms for more than 6 months,
LVEF and New York Heart Association functional class
improved after treatment with azathioprine and predni-
sone.* In a recent trial of patients who had chronic myo-
carditis, no viral genomes, and symptomatic heart failure,
treatment with azathioprine and prednisone also improved
cardiac function and New York Heart Association func-
tional class.**

After recovery from acute myocarditis, patients should
be cautioned to refrain from aerobic activity for several
months. Timing of resumption of aerobic exercise should
be guided by the severity of acute injury and the degree of
ongoing LV systolic dysfunction.*” For patients with on-
going systolic dysfunction, counseling on lifestyle modifi-
cations is vital, including a low-sodium diet, fluid restric-
tion, and avoidance of nonsteroidal anti-inflammatory
medications.

PROGNOSIS AND OUTCOME

The prognosis for patients with acute myocarditis varies
and depends on clinical presentation, ejection fraction
(EF), and pulmonary artery pressure.*** Several case
reports and studies suggest that patients with fulminant
myocarditis and hemodynamic compromise at presenta-
tion have better outcomes than those with acute nonful-
minant myocarditis.’*>>* In a prospective study, McCarthy
et al®* used clinical features to classify patients with
biopsy-proven myocarditis and found that 93% of those
with fulminant myocarditis were alive at 11-year follow-
up compared with 45% of those with acute nonfulminant
myocarditis. The results of these studies have shown the
necessity of early recognition of risk factors for fulminant
myocarditis and subsequent aggressive early hemody-
namic support. Lee et al*® conducted a retrospective study
to identify which clinical risk factors predict a course of
fulminant myocarditis. They found that, in general, the
group of patients with fulminant myocarditis and acute
myocarditis had higher pulse rates, lower blood pressure
levels, higher C-reactive protein levels, higher cardiac
biomarker levels, wider QRS complexes, and decreased
LVEFs on admission compared with the nonfulminant
group. Despite a higher in-hospital mortality rate in the
fulminant group in the study by Lee et al,* results of oth-

DIAGNOSIS AND TREATMENT OF MYOCARDITIS

er studies have shown excellent long-term prognosis for
patients who are treated with aggressive hemodynamic
support.

Several mechanisms have been identified by which ful-
minant myocarditis results in persistent LV dysfunction
less frequently than acute nonfulminant myocarditis. Kiihl
et al’ postulated that persistence of viral genome leads to
chronic inflammation, thus diminishing the recovery of LV
function. They found that, in patients with clearance of vi-
ral genome, EF improved from 50% to 58%, and in patients
with persistence of viral genome, EF decreased from 54%
to 51%, both findings are statistically significant. These re-
sults underscore the importance of immunohistochemical
findings on endomyocardial biopsy that are suggestive of
chronic inflammation as a negative prognostic indicator. In
contrast with patients who have acute myocarditis, patients
who have evidence of chronic inflammation may respond
to immunomodulatory therapy.

CONCLUSION

Suspected viral myocarditis is an important cause of car-
diomyopathy that presents diagnostic and therapeutic chal-
lenges. The initial evaluation should include electrocardi-
ography, echocardiography, and often contrast-enhanced
cardiac MRI. Patients with presentations suggestive of
ischemia should usually undergo coronary angiography.
Patients with ventricular tachycardia, hemodynamic insta-
bility, or high-grade atrioventricular block should usually
undergo endomyocardial biopsy. Polymerase chain reac-
tion techniques may facilitate precise viral genomic diag-
nosis, which may guide future therapies. Patients with a
fulminant presentation should be aggressively supported
therapeutically because outcomes are particularly favor-
able if they survive the initial injury.

All patients should receive standard heart failure care as
outlined in the ACC/AHA/ESC, and Heart Failure Society
of America guidelines. Ongoing trials of antiviral treatment
such as the use of interferon beta may lead to the use of spe-
cific antiviral treatment in the future. Conversely, patients
with chronic DCM and no evidence of viral genome in the
heart tissue may benefit from immunosuppressive therapy if
preliminary results are confirmed in randomized, controlled
trials.

A recent viral infection should always be considered as
a cause of acute DCM, being mindful that the spectrum of
viruses that cause myocarditis continues to change. Cardi-
ac MRI is useful for diagnosing acute myocarditis. Finally,
endomyocardial biopsy is indicated in patients with hemo-
dynamic compromise, heart block, or ventricular tachycar-
dia or those whose condition fails to respond to standard
care.
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